Objectives. We aimed to analyse data from our high-volume interventional centre (>1000 primary percutaneous coronary interventions (PCI) per year) searching for predictors of in-hospital mortality in acute myocardial infarction (MI) patients. Moreover, we looked for realistic strategies and interventions for lowering in-hospital mortality under the "5 percent threshold." Background. Although interventional and medical treatment options are constantly expanding, recent studies reported a residual in-hospital mortality ranging between 5 and 10 percent after primary PCI. Current data sustain that mortality after ST-elevation MI will soon reach a point when cannot be reduced any further. Methods. In this retrospective observational single-centre cohort study, we investigated two-year data from a primary PCI registry including 2035 consecutive patients. Uni-and multivariate analysis were performed to identify independent predictors for in-hospital mortality. Results. All variables correlated with mortality in univariate analysis were introduced in a stepwise multivariate linear regression model. Female gender, hypertension, depressed left ventricular ejection fraction, history of MI, multivessel disease, culprit left main stenosis, and cardiogenic shock proved to be independent predictors of in-hospital mortality. e model was validated for sensitivity and specificity using receiver operating characteristic curve. For our model, variables can predict in-hospital mortality with a specificity of 96.60% and a sensitivity of 84.68% (p < 0.0001, AUC � 0.93, 95% CI 0.922-0.944). Conclusions. Our analysis identified a predictive model for inhospital mortality. e majority of deaths were due to cardiogenic shock. We suggested that in order to lower mortality under 5 percent, focus should be on creating a cardiogenic shock system based on the US experience. A shock hub-centre, together with specific transfer algorithms, mobile interventional teams, ventricular assist devices, and surgical hybrid procedures seem to be the next step toward a better management of ST-elevation MI patients and subsequently lower death rates.
Introduction
Myocardial infarction (MI) remains one of the leading causes of global cardiovascular burden [1] . Even if numerous efforts have been made to increase awareness, prevention, and management of acute MI, it still has a high incidence-ST-elevation myocardial infarction (STEMI) accounting for high mortality and morbidity rates [2] . Since 2008, when "Stent for Life" initiative expanded throughout all Europe (including Eastern countries), death rates in STEMI decreased to a plateau [3] .
Although interventional and medical treatment options are constantly expanding, recent studies reported a residual in-hospital mortality ranging between 5 and 10 percent [4] [5] [6] . Furthermore, an expert opinion from the European Society Cardiology 2017 Congress stated that "we may soon reach a point when mortality after STEMI cannot be reduced any further" [7] . According to recent data presented from SWEDEHEART (Sweden's online cardiac registry [8] ), there has been little change in mortality in the past 10 years in Sweden, which implies that "it will now become very difficult to further decrease mortality" [9] . Optimization of diagnostic and interventional treatment delays, as well as innovating novel drugs and treatment concepts, a better medical education and primary prevention of atherosclerotic disease are currently the envisioned solutions for lowering mortality.
In this paper, we aimed to analyse two years data from a high volume single interventional centre serving for the eastern part of Romania (the only primary percutaneous coronary interventions (PCI) facility for at least 7 million inhabitants, with more than 1000 primary PCI per year) searching for predictors of in-hospital mortality. Also, we intended to identify and summarize realistic strategies and interventions to lower mortality under the "5 percent threshold" in STEMI.
Materials and Methods

Study Design and Patient Population.
is is a retrospective observational single-centre cohort study. Institutional ongoing registry of primary PCI procedures was reviewed from 01 January 2017 to 01 January 2019, and 2035 consecutive patients were selected. Our facility is a highvolume tertiary centre focused on coronary interventions (∼5000 procedures/year) accounting for 8 districts in the north-eastern part of Romania, which provides a 24-hour primary PCI service to a population of 7,000,000 inhabitants. Our registry is affiliated to RO-STEMI (Romanian Registry for ST-segment Elevation Myocardial Infarction) [10] . e study's protocol was approved by the ethical committee (review board) of Cardiovascular Diseases Institute "George I.M. Georgescu" Iasi. e analysis was conducted according to Declaration of Helsinki. No sexbased or racial/ethnic-based differences were present.
Definitions and Data Collection. ST-Elevation
Myocardial Infarction (STEMI) was defined using the ESC criteria (clinical evidence of acute myocardial ischemia and with detection of a rise and/or fall of cTn values, coexisting with symptoms, new ECG changes, and imaging or angiographic evidence attributable to an ischemic etiology), according to the Fourth Universal Definition of Myocardial Infarction [11] .
Cardiogenic shock was defined as systolic blood pressure <90 mmHg >30 min or vasopressors required to achieve ≥90 mmHg secondary to severe ventricular dysfunction associated with signs of impaired organ perfusion (e.g., altered mental status, cold skin and extremities, oliguria, or serum lactate >2.0 mmol/L) [12] .
All patients were routinely treated with double antiplatelet therapy (dosage regimen according to ESC MI guidelines) and with an intravenous bolus of unfractionated heparin (100 U/kg body weight). IV administration of eptifibatide was left to the discretion of the operator. β-Adrenergic blockers, ACE inhibitors, and statins were used as standard therapy, if not contraindicated.
Procedural characteristics were assessed by the interventional cardiologist at the time of the PCI, and coronary lesions were evaluated according to the ACC/AHA classification [13] . Severity indicators of myocardial infarction (e.g., multivessel disease, culprit left main (LM), culprit proximal anterior descending artery, myocardial rupture, and in-stent thrombosis) were also included. More than 50% stenosis of left main artery (LM), and more than 75% stenosis of left anterior descending artery (LAD), left circumflex artery (LCX), right coronary artery (RCA), and main branch of these vessels in addition to ischemic symptoms or ischemic evidence, was considered indication for percutaneous coronary intervention.
Clinical data were obtained from patient's medical charts. Recorded risk factors included age (>70-year-old), sex, diabetes, dyslipidemia, smoking history, hypertension, chronic kidney disease (eGFR <60 mL/min/m 2 ), depressed myocardial ejection fraction (<35%), previous MI, and prehospital cardiac resuscitation.
All death causes were examined by two of the investigators.
Statistical Analysis.
Categorical variables were compared between the two groups using the χ2 tests. Continuous data were reported as means and standard deviations and were compared using the Student's t-tests. Potential predictive factors for in-hospital mortality were identified using univariate analysis. Significant variables were included in a stepwise multivariate model to determine independent predictors of in-hospital mortality, presented as OR and 95% CI, with a p-value <0.05 considered as significant. C statistics and receiver operating curve (ROC) were used for the model, including predictors in order to evaluate the predictive performance of both scores for in-hospital mortality.
Youden index values were computed. All statistical analysis was performed using SPSS 20.0 (SPSS Inc, Chicago, IL, USA).
Results
All recorded data from the 2035 patients were analysed. e mean age was 60 ± 10.2 years; 56.3% (n � 1145) of the enrolled patients were older than 70 years, and 38.9% (n � 792) were female. 67% of pPCI patients (n � 1366) were smokers (or had a history of smoking over 10 pack-years), 27.4% (n � 558) were diabetics, 56.3% (n � 1146) had dyslipidemia, 57.3% (n � 1167) had hypertension, 3% had a history of previous MI (n � 61), and 19.8% (n � 394) were known with chronic kidney disease (CKD).
At admission, 19.8% (n � 403) had left ventricular ejection fraction <35%, and 10% (n � 204) presented with cardiogenic shock. Following coronarography, multivessel disease (defined by stenosis >50% in two or more epicardial coronary arteries) was identified in 21.1% (n � 430), culprit proximal LAD in 20.2% (n � 412), and culprit LM in 11.2% (n � 226) of patients. Myocardial rupture was recorded in 2
Journal of Interventional Cardiology 0.6% (n � 12) of cases and acute in-stent thrombosis in 0.4% (n � 10) both with 100% in-hospital mortality rate due to refractory cardiogenic shock. 2 patients died from acute aortic dissection with diffuse extension in the left coronary artery. Descriptive statistics is shown in Table 1 .
Overall in-hospital mortality was 6.1% (n � 124), and it was most frequent in patients presenting with cardiogenic shock (p < 0.001, OR 37.81, 95% CI 20-60). In cardiogenic shock patients, the mortality rate was as high as 48%, which means that one out of two patients with cardiogenic shock died. Almost all patients with myocardial rupture and instent thrombosis died.
Following univariate analysis, total in-hospital mortality was also associated with advanced age (>70 years), female gender, smoking, diabetes mellitus, elevated blood pressure, dyslipidemia, reduced left ventricular ejection fraction <35%, prehospital cardiac resuscitation, history of MI, multivessel disease, culprit proximal LAD, and culprit LM ( Table 2) .
All variables correlated with mortality in univariate analysis were introduced in a separate stepwise multivariate linear regression model. Multivariate analysis of significant variables revealed that after adjusting for all clinical variables, female gender, hypertension, depressed left ventricular ejection fraction, history of MI, multivessel disease, culprit LM, and cardiogenic shock remained independent predictors of in-hospital mortality ( Table 3) . e model was also validated for sensitivity and specificity using receiver operating characteristic (ROC) curve. For our model, the significant independent variables can predict in-hospital mortality with a specificity of 96.60% and a sensitivity of 84.68% (p < 0.0001, AUC � 0.93, 95% CI 0.922-0.944) ( Figure 1 , Table 4 ).
Discussions
e present study evaluated data from more than 2000 primary PCI consecutive patients instrumented in our centre in the last 2 years. We reported that besides gender (female sex), previous myocardial infarction, a cardiovascular risk factor (high blood pressure), and four variables depicting extensive and severe MI (LM disease, multivessel disease, cardiogenic shock, and LVEF <35%) proved to be independent predictors for in-hospital mortality in STEMI. e above results are concordant with previous smaller researches showing almost similar predictors [4-6, 10, 14] .
Our endeavour not only intended to elaborate a predictive model for mortality but also to identify ways to reduce in-hospital mortality. To date, there is no algorithm or specific guideline tackling these problems, nor a recommended auditing protocol to assess the number and causes of deaths (in each primary PCI facility). What is a "tolerable" percentage of mortality and from which threshold one can trigger an alarm questioning the quality of pPCI network/healthcare management? We suggest that the next ESC STEMI guideline should include recommendations for reporting, evaluating, and auditing the numbers and etiologies of death in every primary PCI centre. A recent study on STEMI patients with cardiogenic shock [15] revealed that the time elapsing from the first medical contact to primary PCI is a strong predictor of an adverse outcome in this group of patients. On the other hand, the same trial underlined that haemodynamic instability resulted in treatment delay [15] .
us, to lower mortality in a STEMI patient with cardiogenic shock, multivessel disease, and with LVEF lower than 35% seems like a paradox and a (still) unsolved puzzle: on the one hand, one needs a shorter time to balloon; on the other hand, this scenario generates a longer time due to necessity of more medical manoeuvers or stabilisation intervals.
A few questions are emerging from this situation: (a) How can we prevent a patient to develop cardiogenic shock? (b) How can we improve survival in a patient with cardiogenic shock and primary PCI?
A well-known fact contributing to cardiogenic shock survival is the time from the first symptoms to balloon. Besides patients' medical education (recognizing the pain and early presentation to a medical examination), the benefit of early ECG on short-term in-hospital survival most probably accounts for faster decision processes during patient management.
ese elements seem to be key determinants for survival in STEMI patients with cardiogenic shock [15] (Figure 2) .
Recently, significant progresses were done in the USA for the formation of regionalized systems of care for specific cardiovascular emergencies, especially cardiogenic shock. e idea is to make a step forward beyond a common primary PCI system: "lifeline-supported pathway for the development of integrated regionalized cardiogenic shock systems of care" [16] . is concept of regional systems for treating cardiogenic shock patients includes a hub centre different than tertiary primary PCI facilities. Currently, this project is not worldwide implemented and not (yet) endorsed by the guidelines. e existing facilities underlined the need for an early dialogue (within 12 hours of shock) between the referring and accepting centres to determine the viability of the patients for advanced therapies and the suitability for transfer and developed a management algorithm. Implementation of this network was associated with a 66% survival rate, higher than the 25% historical survival rate [16] [17] [18] [19] . e transfer between primary PCI institutions and regional referral shock centres should be organized and monitorized by the "mobile cardiogenic shock teams" [20] . e traveling mechanical support team concept uses mobile ECMO devices as a bridge to more advanced therapies as bridge-to-transplantation or recovery [21] . is paradigm of "fourth level centres" developed having more advanced therapies and resources for cardiogenic shock (as cardiac surgery, percutaneous ventricular assist devices, implantable VAD, ECMO, and ECMO-mobile teams), which usually are not available in contemporary 24 h/7 d/primary PCI facilities [16] . We are aware that without these special resources our centre cannot lower in-hospital mortality in primary PCI STEMI patients under an "accepted reasonable" threshold of 5%. New algorithms suggest that patients presenting to smaller spoke centres without PCI capabilities should be immediately transferred to the nearest PCI facility, or a shock mobile unit should be requested from the hub CS centre, depending on the patient's clinical status and anticipated travel time [16] . Focusing only on primary PCI issues (as complete versus only culprit vessel revascularisation [22] , TIMI slow/no-flow management [23] ) seems not to solve the still high in-hospital mortality.
Many of the most successful STEMI systems actively include advanced cardiogenic shock protocols [24] . Presently, the European Guidelines focus mostly on cardiogenic shock treatment, but there is an increasing need for a new guideline with protocols for a shock management system (centres, resources, mobile teams, advanced therapies, coordinated approach, and auditing) as the US already developed [24] .
We are aware of the limitations of our proposed model, as all previously published models reported limitations: "lack of a CS-specific derivation population, external validation, dynamic application (i.e., single point in time only), applicability to all CS types, and capture of all potentially prognostic clinical, laboratory, hemodynamic, imaging, and biomarker data" [16] . e investigators of the CardShock study developed a risk prediction score for short-term mortality in cardiogenic shock due to all etiologies (not only the ischemic cause). Four out of seven predictors were similar to those reported by our team, the other three being confusion, blood lactate levels, and prior coronary artery bypass [25] .
We realize that we did not include all possible variables in multivariate analysis (for example, we excluded all time-related variables, as there are very good recent reports on this topic [15] ). However, our solid and reliable data reflect the very limitations of a primary PCI system dealing with complex cardiogenic shock cases bearing high mortality.
Conclusions
Our analysis derived from a single centre primary PCI experience identified a predictive model for in-hospital mortality. Besides hypertension and female sex, the other variables were related to cardiogenic shock. In fact, the majority of the in-hospital deaths recorded in our centre had cardiogenic shock. We suggested that in order to lower mortality under the 5 percent threshold, our focus should be on creating a cardiogenic-shock system based on the US experience. A shock hub centre, together with specific transfer algorithms, mobile interventional teams, ventricular assist devices, and surgical hybrid procedures, seems to be the next step toward a better management of STEMI patients and subsequently lower death rates.
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